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Abstract 
Rock specimens from Deccan flood basalts have been reacted in the laboratory under high pCO2 (5 and 10 bars), total 
pressure (vessel pressure between 10 and 20 bars), and temperature (100 and 200°C) conditions for 50, 60, 70, and 80 
hours. XRD and SEM-EDS analyses show that calcite, aragonite, siderite and magnesite, and clays are derived from 
the alteration of Deccan basalts under water-saturated, hydrothermal-like conditions. Alteration reactions were 
accompanied by significant variation in the pH of the reacting aqueous solution, dependent upon time, pCO2, and 
temperature variables of the experiment. Neo-formed secondary products also include significant amounts of 
smectite, chlorite, and smectite/chlorite mixed layer clays.   
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1. Introduction 
Deccan volcanic province (DVP) in India is one of the largest terrestrial flood basalt provinces (1.5 × 106 
km2) of the world that records immense accumulation of tholeiitic magma (Fig. 1) in a relatively short 
time span [1-2], straddling the Cretaceous-Paleogene boundary between 65.5 Ma [3]. Carbon dioxide is 
one of the most important green house gases in the Earth’s atmosphere. Its atmospheric concentration has 
a significant impact Earth’s surface average temperature and climate change [4]. Conversion of CO2 gas 
into stable carbonate minerals such as calcite, dolomite, magnesite and siderite is considered as one of the 
best options for long-term storage of CO2 [5]. Basalt and peridotite is considered as potential effective O2-
sinks because of their high Ca, Mg and Fe concentrations [6]. It has been suggested that the layered basalt 
provinces of Deccan Traps in India, Columbia River basalt in USA, Siberian Traps in Russia offer not 
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only storage deports for captured CO2, but, more importantly, a means of low temperature mineralization 
[7]. To predict long-term CO2 sequestration in Deccan basalt, mineral carbonation requires to be 
quantified by resolving key parameters, such as pCO2, temperature and time. The main objective of the 
present work is to understand rate and extent of mineral carbonation on silicate mineral carbonation 
reactions under laboratory induced accelerated pressure-temperature conditions and S/V maintained 
between CO2 and primary silicate minerals. Study of neo-formed minerals and aqueous solutions 
(obtained after treatment) is necessary to understand reaction kinetics. These datasets will be useful in the 
mass-balance calculations. Based on these findings, most favourable CO2 sequestration reaction progress 
for Deccan basalt can be established. 
1.1 Carbonate Facies: evidence of past sequestration 
In Mandla lobe of Eastern Deccan Volcanic Province, significantly thick limestone and inter-calcarious 
lithofacies constitute major part of the infra/inter-traps. Thick, sedimentary (mostly) carbonate units, 
sandwiched between lava flows (Fig. 2) were developed in the hiatuses between two successive eruptive 
events. Limestone and inter-calcarious lithofacies constitute major part of the infra/inter-traps. It contains 
variety of carbonate lithologies - limestone, brecciated calcrete, calcarious siltstone with calcarious 
nodules, nodular and pisolitic calcrete, calcrete nodules, marl and calcified sandstone. Occurrence of fine 
to medium grained clay carbonate and quartz-rich matrix is noticed at several places. Their lateral 
continuity is inconsistent and form lenses and discontinuous beds. At places, limestone circular micritic 
pellets are also observed. The limestone contains microcrystalline and chalcedonic chert, formed by 
precipitation of silica saturated hydrothermal solutions. In an environment where high CO2, concentration 
is available, zeolites and clays are replaced by carbonate solid solutions (siderite, dolomite, and 
magnesite) and quartz [8]. Nature of intercalated weathering and carbonate horizons are common in 
basalt, where, high atmospheric pCO2 (1110-1850; mean value of 1480 ppm V) often existed during the 
Deccan volcanic activity thus, possibility of replacement of clays by carbonates is highly likely for the 
development of carbonate facies [9].  
 
   
Fig 1: (a) Deccan volcanic province showing area of 
present study, (b) Southwestern Deccan formational 
stratigraphy (after Beane et al., 1986 [13]).                                              
Fig 2: Showing formation of carbonate rocks between 
the two basaltic lava flows in the Mandla lobe of 
Eastern Deccan Volcanic province. 
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2. Methods 
The experiments consisted of basalt sample and their major oxides (SiO2= 48.64, TiO2= 2.83, 
Al2O3=14.88, CaO= 10.02, F2O3= 14.85, K2O= 14.85, MgO=5.77, Na2O=2.77 and P2O5= 10.19) were 
analysed using XRF technique. The sample was powdered and passed through 140-170 ASTM sieves and 
cleaned with deionized water and acetone in an ultrasonic bath. The calculated geometric surface and 
measured BET surface area of Deccan Traps is 250cm2/g and 23,000cm2/g respectively [10] The 
sequestration experiments were carried out by putting 10 mg of basalt in 100 ml of deionized water in 
Parr Reactor for 50, 60, 70 and 80 hours at 100 and 2000C temperatures, 5 and 10 bar pCO2 respectively. 
The temperature was kept constant ± 10C. A stirring rate of 100 rpm was applied. 
3. Results and Discussion 
Backscattered electron (BSE) images using SEM photomicrographs of the altered basalt acquired after 
sequestration experiments indicate that the role of time and temperature is significant. Secondary minerals 
were identified by SEM-EDS (Fig. 3). Calcite, magnesite, siderite, and aragonite have been observed at 
1000C and 5 bar pressure for 70 and 80 hours. The secondary mineralogy and the basalt alteration 
identified using X-ray powder diffractograms (XRD). The XRD patterns are dominated by the strong 
intensity peaks of calcite (90.6%), aragonite (75.9%), siderite (32.5%), and dolomite (42.4) at 100 0C and 
200 0C for 60 and 80 hours. Treated specimens were studied using Raman spectroscopic technique to 
ascertain presence of carbonate ions. It has been found that the characteristic peaks of carbonate ions are 
at 391.8, 509.7, 665.3 and 1009.6 (Fig. 4). The secondary mineralogy and the basalt alteration identified 
using X-ray powder diffractograms (XRD). The XRD patterns are dominated by the strong intensity 
peaks of calcite (90.6%), aragonite (75.9%), siderite (32.5%), and dolomite (42.4) at 100 0C and 200 0C 
for 70 and 80 hours. However, the formation of secondary minerals consisting of clay minerals was not 
considered in the present study. At 2000C and 10 bar pressure experiments, the most common carbonate 
mineral formed is calcite, which suggests the fundamental change in the mobility of elements and the 
secondary mineralogy with the increase of both temperature and pressure. Similar findings can be seen in 
the studies of [11].  
 
           
 
Fig 3: Backscattered image and EDS spectra of basalt 
powder samples treated for 80 hours at 1000C and 5 
bar pCO2 . 
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4. Conclusion 
Present experimental results largely correspond to those obtained Using EQ3/6 geochemical software 
[12]. The basalt-water-CO2 interaction and show presence of similar carbonate minerals such as calcite, 
aragonite, siderite and magnesite. For CO2 sequestration, basalt is preferred as a suitable matrix.  
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